The Endo16 gene codes for an RGD-containing calcium-binding protein that is found on the basal surfaces and in the extracellular matrix of cells of the invaginating archenteron during sea urchin gastrulation. Previously, we have shown that Endo16 is a single copy gene and we have determined the coding sequence and analyzed the temporal and spatial expression of a 6.6-kb mRNA. In this report we demonstrate that two additional longer Endo16 mRNAs are produced by differential splicing rather than alternative promoter usage. cDNA clones for two 8.5-kb mRNAs have been isolated and analyzed. The two 8.5-kb mRNAs are identical to each other in the coding region and differ only in their 3 UTRs. The extended open reading frame of the 8.5-kb mRNAs code for domains already identified in the 6.6-kb mRNA, including two different types of calcium-binding motifs and a region with a highly conserved cysteine pattern similar to that found in Ecm1 in the mouse. The 6.6-and 8.5-kb mRNAs show overlapping but distinct temporal as well as spatial expression patterns during gastrulation. ᭧
INTRODUCTION
As originally proposed by Gustafson and Wolpert (1967) , gastrulation is mediated by cell -cell and cell -extracellular matrix (ECM) interactions. Accordingly, several investigaThe vegetal plate is the most complex territory in the sea tors have been able to isolate genes or gene products coding urchin embryo, undergoing major cellular rearrangement to for ECM and cell surface proteins that are localized specifigive rise to the gut and secondary mesenchyme cells which cally in the endoderm, including Endo1 (Wessel and further differentiate to several diverse cell types including McClay, 1985) , LvN1.2 (Wessel et al., 1989) , and Endo16 pigment cells, basal cells, coelomic pouches, and circumes- (Nocente-McGrath et al., 1989) . ophageal muscles (reviewed in Cameron and Davidson, Endo16 is a developmentally regulated gene, coding for 1991). Cell lineage studies have shown that each of the four an extracellular protein expressed by cells of the endoderm macromeres at the 16-cell stage contribute progeny to the lineage during sea urchin embryogenesis (Nocenteforegut, midgut, and hindgut which will give rise to the McGrath et al., 1989; Ransick et al., 1993) . Immunogold esophagus, stomach, and intestine, respectively (Cameron electron microscopy staining and confocal microscopy have et al., 1991) . During the initial phase of gastrulation, cells demonstrated that the Endo16 protein is localized primarily of the vegetal plate invaginate to form the short, broad archon the basal side of the cells of the invaginating archenteron enteron. Elongation of the archenteron, across the blasto- (Soltysik-Españ ola et al., 1994) . The nucleotide-derived procoel, is accomplished by cell rearrangement through convertein sequence of Endo16 predicts a large modular glycoprogent extension with final extension and positioning meditein with a conserved cysteine pattern similar to the pattern ated by secondary mesenchyme cells at the tip of the found in the serum albumin family of proteins where loops archenteron (reviewed in Hardin and Cheng, 1986; Burke, created by disulfide bonds are responsible for binding nu-1990; Ettensohn and Ingersoll, 1992; McClay et al., 1992) . merous ligands (Carter et al., 1989; Kragh-Hansen, 1990; Soltysik-Españ ola et al., 1994) . Recently, a gene has been identified in the mouse, Ecm1, which codes for a protein 1 Biology Department, Mills College, Oakland, CA 94613.
with a cysteine pattern similar to that found in Endo16 and 2 To whom correspondence should be addressed. Fax: (617) 627-3805. in the serum albumin family . Endo16 sponding to nucleotides 2567 -2583 and 3144 -3160, were hybrid- has been shown to bind calcium through solid-phase bindized separately to the RNA. After hybridization the samples were ing assays. In the presence of calcium, Endo16 is more resisdigested with RNase H (2BRL units/ml) for 30 min at 37ЊC. Followtant to proteolytic degradation, suggesting that it undergoes ing phenol/chloroform extraction, RNAs were analyzed by standard a conformational change upon calcium binding (SoltysikNorthern blot procedures (modified from Sambrook et al., 1989) . Españ ola et al., 1994) . Preliminary data suggest that the In this study we establish that the Endo16 transcript is bp. To make RNA antisense probes specific for the longer messages, alternatively spliced to produce three forms of the mRNA:
clone 29B was linearized with XmnI which cuts within the insert the previously described 6.6-kb mRNA form and two 8.5-to make an in vitro transcription product of 600 bp. This gives kb forms. The two 8.5-kb mRNAs represent silent isoforms protected fragments of 520 and 420 bp corresponding to the longer in relation to each other since they differ only in their 3 messages. In vitro transcription was carried out using the Ambion untranslated regions. Sequencing, RNase protection, and SP6 Maxiscript Kit with 50 mCi of [ whole mount in situ hybridization analysis were used to Probes were transcribed at room temperature for 2 hr. All other compare the coding regions and temporal and spatial expresprocedures were carried out following the manufacturer's protocol. sion patterns of the longer and shorter mRNAs.
In situ hybridization. To produce a shorter message-specific probe that was large enough to be detected in this procedure, a primer was synthesized to the end of the coding region of the shorter message and used in conjunction with the left arm primer
MATERIALS AND METHODS
of l phage to generate a 560-bp PCR product. This corresponds to the 100 nt of published 3 UTR sequence (Soltysik-Españ ola et al.,
Animals
1994) plus an additional 315 bp of new 3 UTR sequence. This product was cloned into pT7 Blue vector, linearized with BamHI, Adult Strongylocentrotus purpuratus were purchased from Mariand transcribed with the T7 polymerase to generate antisense nus (Long Beach, CA). Spawning, fertilization, and culturing of emprobes. The same longer-message-specific probe that was used for bryos were as previously described (Pittman and Ernst, 1984) .
RNase protection assays was used in this procedure.
Cloning and Sequencing RNase Protection Assays
Clones were isolated from a lgt11 gastrula-stage cDNA library enriched for endoderm and mesoderm (gift of Drs. N. George and RNase protection assays were performed following the specifica-F. Wilt). Screening and sequencing were carried out as previously tions of the Ambion RPAII kit. An 18S control probe (Ambion) was described (Soltysik-Españ ola et al., 1994) . Sequence analysis was used as an internal control for loading. Only RNase T1 (1:50) was performed using the GCG program from the University of Wisused for the digestions. consin.
In Situ Hybridization RNA Isolation
Embryos were fixed overnight in 2.5% glutaraldehyde at 4ЊC, Total RNA was isolated from embryos at selected stages of develfollowing the protocol of Harkey et al. (1992) and stored at 4ЊC in opment from egg to pluteus using the RNazol procedure (Tel-test).
96-well microtiter plates wrapped in parafilm. In situ hybridiza-RNA was quantified by spectrophotometry and checked for integtions were carried out as described by Ransick et al. (1993) . Antirity by ethidium bromide staining on formaldehyde agarose gels.
sense RNA probes were made using digoxygenin-labeled UTP nucleotides (Boehringer-Mannheim) in the Ambion SP6 Maxiscript kit. Probes were quantified and used at 0.02-0.2 ng/ml in the in
RNase H Digestion Experiments
situ hybridization procedure and developed with NBT (nitro blue tetrazolium) and BCIP (5-bromo-4-chloro-3-indolyl-phosphate) Oligonucleotides (1 mg/ml) were hybridized to 12 mg of total RNA from either blastula or prism stages. Two different oligos, corre-(Promega). 
at the 3 End
As previously reported by Northern blot analysis, Endo16
Western Blot Analysis mRNA is detected as a major band approximately 6.6 kb Total embryo protein lysates were prepared as described by Sol- (Nocente-McGrath et al., 1989 ). An additional band around tysik-Españ ola et al. (1994) . Fifty micrograms of embryonic extracts 8.5 kb has been detected occasionally at the later stages of was analyzed on a discontinuous gel system (Laemmli, 1970) , using development, but transfer of this large Endo16 mRNA from a 12% resolving gel and 6% stacking gel. Gels were electrophoresed the gel is inconsistent (Nocente-McGrath et al., 1989; Sol- at 15 mA for 3 hr followed by the electrophoretic transfer of protysik- Españ ola et al., 1994) . To establish whether the 6.6-teins from the gel to a nitrocellulose membrane (Schleicher and and the 8.5-kb mRNAs differed at the 5 or 3 ends, RNase Schuell) overnight at 4ЊC at 100 mA. The membrane was blocked H digestion experiments were performed. Oligonucleotides with 5% dry milk in PBST (0.13 M NaCl, 2.2 mM KCl, 0.1 M corresponding to nucleotides 2567 -2583 and to 3144 -3160 Na2HPO4, 1.7 mM KH2PO4, 0.1% Tween) and incubated with either an antibody that recognized both isoforms of Endo16 (Nocentewere hybridized separately to total RNA from blastula and Copyright ᭧ 1996 by Academic Press, Inc. All rights of reproduction in any form reserved.
FIG. 2.
Nucleotide and nucleotide-derived amino acid sequence of the alternatively spliced longer form of Endo16. The nucleotide sequence for the first 4.6 kb of the Endo16 mRNAs are identical and have been reported previously (Soltysik-Españ ola et al., 1994) . The additional sequence extends the type B cluster of repeats to a total of 16 (᭤-), and then contains two more of the type A cluster of repeats (boxed). The carboxyl end of the protein returns to the cysteine-rich pattern found at the amino end. Cysteines are enclosed in diamonds. The eight tandem threonines are underlined with a dotted line. GenBank Accession No. U49377. from prism stages and then digested with RNase H. RNase ing to the shorter message was detected at the blastula stage. After digestion with RNase H, the 5 probe recognizes only H treatment cleaves the RNA -DNA hybrids, resulting in two mRNA fragments. The RNA fragments were analyzed one band in both the blastula and prism RNA samples indicating that the 5 message fragments are identical in both by Northern blot analysis and hybridized with a probe that was specific to sequence either 5 or 3 of the oligo used the shorter and longer mRNAs (Fig. 1B) . This suggested that the difference between the two messages occurs somewhere (Fig. 1A) . In the undigested prism RNA, two bands were detected with the 5 probe while only one band, correspondat the 3 end. This prediction was verified by stripping and 
FIG. 4.
Comparison of the major structural domains in the three isoforms of Endo16 mRNA. (A) In the nucleotide-derived amino acid sequence, the N-terminus starts with a signal sequence and is followed by a large cysteine-rich region similar to the cysteine pattern in serum albumin. Embedded within the cysteine region we find five acidic repeats that are potential calcium-binding sites. The tripeptide RGD which may function as a cell binding site is found toward the carboxyl end of the cysteine-rich region. The next domain is a set of repeats which encode several putative calcium-binding loops. The smaller form of the protein contains 12 of these repeats while the larger form coded by the silent isoform pair extends this region for a total of 16 repeats. The larger form contains two more acidic calciumbinding repeats and the final domain returns to the distinct cysteine pattern found in the amino half of the protein and, in addition, contains a stretch of eight threonines. The 3 UTR of each message is shown as a solid line and the switch region is indicated (XX). Message-specific probes that were used in RNase protection assays are indicated above each figure ( * ). ( rehybridizing the blot with a probe that recognizes sequence nucleotide-derived amino acid sequence of this extended 3 to the site of digestion (Fig. 1C) . In contrast to the 5 region of the longer message. There are four additional type probe, the 3 probe detects two bands in the digested prism B potential calcium-binding repeats followed by two more samples. These results confirm that the difference between type A potential calcium-binding repeats characterized by the two messages occurs 3 to nucleotide 3160. stretches of glutamic acid residues. Results from RNase protection assays (see below) raised mRNAs, a gastrula-stage endoderm-enriched cDNA library the possibility that there was a third Endo16 message. was screened with a probe corresponding to the 3 most Therefore, additional screening of cDNA clones was percoding region of the 6.6-kb message. A 3-kb clone (29B) was formed using the last 520 nt of clone 29B as a probe. This isolated and sequenced. This clone overlapped the estabprobe contains 420 nt of coding region plus 100 nt of 3 lished sequence for the 6.6-kb message and had an addi-UTR. Two additional clones (2A and 5A) were isolated and tional 1.5-kb open reading frame and 100 nt of 3 untranssequenced. These two clones overlap with clone 29B at the lated region (UTR) that differed from the 3 UTR of the 6.6-kb message. Figure 2 shows the cDNA sequence and beginning of the acidic repeat region and end at exactly the
FIG. 4-Continued
same point in the 3 UTR. However, when compared to 29B, Based on predicted amino acid sequence, Endo16 is a multidomain protein similar to other large extracellular proclones 2A and 5A had a different stop codon and diverged in sequence for the first 50 nt of the 3 UTR. Beyond this 50
teins (Soltysik-Españ ola et al., 1994) . Figure 4A presents a comparison of the predicted multifunctional domain strucnt the sequence was the same. This dissimilar region is referred to as the switch region (Fig. 3) . In 29B there are two ture of the Endo16 isoforms. This figure is approximately to scale and shows the extension of the calcium-binding potential poly(A) addition signals separated by four nucleotides. However, the switch region from clones 2A and 5A regions and the additional cysteine-rich domain at the carboxyl terminus of the larger isoform. The large form of lacks these and current evidence suggests that these poly(A) addition sites are not utilized. The length of mRNAs deterEndo16 contains 71 cysteine residues; 34 of these are found as cysteine doublets (Fig. 4B) . Each doublet is flanked on mined by Northern blot analysis suggests that all three mRNAs have additional sequence at the 3 end that have either side by a single cysteine. The N-terminal cysteine is at a variable length from the doublet; however, the C-terminot yet been isolated. nal cysteine is in the 10th or 11th position. The only exceptions to this are the last two sets of doublets where the Cterminal cysteine occurs in the 18th position or is lacking in the last set where the coding region terminates. The 16th doublet also lacks an N-terminal cysteine. These last two sets of doublets are separated from the rest of the cysteines by a unique stretch of threonines. Shown below the Endo16 cysteine pattern is a comparison of the strikingly similar cysteine pattern in a recently identified ECM protein in mouse, known as Ecm1 . In Ecm1 as in Endo16, every other single cysteine is separated from the next single cysteine by 12 amino acids.
The additional acidic repeats of the larger protein all begin with a glutamine residue followed by a variable region rich in lysine and glutamine as do those in the smaller Endo16 protein (Fig. 4C) . This region has similarity to sequence known to be a site for transglutaminase activity in other proteins (Soltysik-Españ ola et al., 1994) . At the end of each repeat is a stretch of glutamic acid residues which has been shown to have a high capacity and low to moderate affinity 250 nt of the 3 UTR immediately following the stop site of the 6.6-kb mRNA form. The longer message-specific probe was made to the last 420 nt of the coding region found only in the longer form and also contains 100 nt of 3 UTR (see Fig. 4A ). Duplicate
Temporal Expression of Endo16 mRNAs
samples were probed with the 18S ribosomal probe and the shorter message-specific probe (A). Samples were double probed with an
We have examined the temporal expression of Endo16 18S ribosomal probe as an internal loading control with the longer mRNAs throughout sea urchin embryogenesis using an message-specific probe (B). The shorter message-specific probe proRNase protection assay and probes that are specific to either tects the expected 250-bp fragment in all stages tested, including the shorter or longer forms of the message (Fig. 4A) . RNAs the egg. The longer message-specific probe protected the expected from different stages of development were separately hy-520-bp fragment from the longer message corresponding to clone bridized with message-specific probes (Figs. 5A and 5B). Re-29B and a fragment of 420 bp corresponding to the third form of sults obtained using the shorter message-specific probe Endo16 mRNA found in clones 2A and 5A. Expression of these show that the shorter transcript is found as a maternal meslonger messages was first detected at 18 hr just prior to gastrulation sage in the egg and is present during cleavage (Fig. 5A ).
and reached maximum abundance during gastrulation. In this blot the 31-and 48-hr samples are slightly underloaded. The 18S probe RNase protection analysis has afforded us greater sensitivprotects two fragments, these are seen as one band in A because ity over Northern blot analysis enabling us to monitor this the gel was not run as far and the two fragments are not resolved. previously undetected Endo16 maternal mRNA. An increase in abundance of the 6.6-kb mRNA is first observed at 10 hr and the abundance further increases again at 18 hr. As observed previously, the message level peaks during compared because of the difference in the specific activity gastrulation (24, 31, and 39 hr) and then decreases. The of the probes. larger message-specific probe (Fig. 5B) protected two fragments, one corresponding to the sequence from clone 29B (520 bp) and another corresponding to the sequence repre-
In Situ Localization of Endo16 with Message-
sented in clones 2A and 5A (420 bp). This 420-bp protected Specific Probes fragment corresponds to the coding region that is the same in these two messages. This probe reveals a different pattern Previous studies using probes common to all three mRNAs demonstrated that Endo16 mRNA is localized in of expression from that of the shorter mRNA. The longer forms are not present in the egg or early cleavage stages but the cells of the vegetal plate and in cells of the invaginating archenteron (Nocente-McGrath et al., 1989; Ransick et al., are first detected at 18 hr and increase in abundance through the gastrula stages. The longer messages show similar tem-1993). Later, as the archenteron differentiates, expression becomes restricted to the midgut and the hindgut. At the poral expression patterns to each other and are approximately at the same abundance during the postblastula prism and pluteus stages the message is found only in the stomach, derived from the midgut. Data presented here, stages of development (Fig. 5B) . The abundance levels between the shorter and longer messages cannot be directly identifying alternatively spliced forms of the Endo16 tran-script and demonstrating their different temporal expres- (Fig. 7A) . We also observe two faint lower bands around 100 kDa which we suspect are degradation products. Control sion patterns, raised the possibility that the messages are present in different cells of the archenteron. To test this experiments with preimmune serum confirm that these bands are Endo16-related (Fig. 7B ). Extracts probed with an possibility we have used message-specific probes in whole mount in situ hybridizations to embryos from different deantiserum raised to protein sequence found in both the small and large isoforms identify the same two bands velopmental stages. To detect the longer messages the same probe that was used in RNase protection assays was used around 220 kDa, as well as a smaller band around 180 kDa, which is the predicted size of the smaller isoform produced and for a probe specific to the shorter message, a 560-bp PCR-generated fragment corresponding to the 3 UTR of from the 6.6-kb mRNA (Fig. 7C) . In addition, this antiserum recognizes a larger band ú300 kDa which may represent the shorter mRNA was used. This fragment was used in RNase protection assays to ensure its specificity and was Endo16 complexed with itself or other proteins. This antiserum also recognizes a nonspecific band around 86 kDa found to protect a single fragment of 560 bp that followed the expression pattern of the shorter message (data not which is not seen with preimmune serum (data not shown).
The protein expression pattern of the larger isoform initially shown). Embryos from different stages of development (24-hr blastula, 30-hr early gastrula, 36-hr mid-gastrula, and 48-parallels the mRNA expression pattern in that no specific protein bands were detected in the egg (not shown) and we hr late gastrula) were hybridized separately with either probe. At the blastula stage both messages are colocalized begin to see low levels of protein at the early blastula stage (19 hr), with an increase in the amount of protein at the in the vegetal plate (Figs. 6A and 6E) . At the early gastrula stage just after primary invagination both messages remain mesenchyme blastula stage (24 hr). However, the amount of protein detected is maintained at approximately a constant colocalized throughout the archenteron (Figs. 6B and 6F ). However, as gastrulation proceeds the messages begin to level throughout development, in contrast to the observed increase in the level of mRNA. The two bands are present show different localization patterns. At the mid-gastrula stage the shorter message shows light staining throughout at relatively the same intensity throughout development and may correspond to different posttranslational modifithe archenteron but shows intense staining in the top third of the archenteron. In contrast, the longer message is excations of the larger isoform since the Endo16 sequence predicts both N-and O-linked glycosylation sites. Alternapressed in the bottom third of the archenteron and shows heavy staining at the base (Figs. 6C and 6G ). At the late tively, the lower band may be a degradation product of the intact protein. gastrula stage the longer message again shows heavy staining at the base of the archenteron in the hindgut with lighter staining of the midgut. Staining is completely absent from the foregut (Fig. 6H) . The shorter message maintains expres-DISCUSSION sion in the foregut and midgut and is clearly absent from the hindgut (Fig. 6D) . However, we consistently observe staining above background in a single cell layer at the very We have determined that the Endo16 transcript is differentially processed at the 3 end by alternative splicing to base of the archenteron. As previously shown (NocenteMcGrath et al., 1989; Ransick et al., 1993) , at the later prism produce three forms of the mRNA. These data agree with the report by Yuh et al. (1994) who, using primer extension, and pluteus stages, we find that both messages become colocalized to the midgut and eventually to the stomach (data showed that there is only a single transcription start site for Endo16. The shorter form is present as a maternal message, not shown). As with the RNase protection assays we cannot directly compare the intensity of staining between the two starts to increase in abundance during mid-cleavage, reaches maximum levels around the gastrula stage, and deprobes. The shorter message-specific probe never gives as high a signal over background as the longer message-specific creases at the prism stage. The two longer messages are not detected until the blastula stage, and the levels increase probe.
through gastrulation and are maintained through the prism stage. In addition to different temporal expression patterns
Western Blot Analysis of the Larger Endo16
the 6.6-and 8.5-kb mRNAs also have overlapping but differProtein ent spatial expression patterns. At the vegetal plate stage and early in archenteron invagination, the mRNAs are coloTo determine if these longer forms of Endo16 mRNA are translated and to characterize this alternative form of the calized. As gastrulation proceeds, the shorter form is expressed predominantly in the foregut of the archenteron protein, an antibody specific to the larger isoform was generated. Based on cDNA sequence the predicted molecular while the longer forms are expressed predominantly at the base of the archenteron. Following gastrulation and regionweight of the larger isoform is 235 kDa. Protein extracts from embryos at several stages were analyzed by Western alization of the gut, both mRNAs are confined to the stomach, derived from the midgut. Using an antibody specific blot analysis and probed with the antibody that is specific for the larger isoform of Endo16. This antiserum detects to the larger isoform we detect two bands around the predicted size of 235 kDa on SDS -PAGE gels and these protwo bands around the 220-kDa molecular weight marker (Yuh et al., 1994) . The current sequence data show differon a discontinuous polyacrylamide gel system and probed with ences in the 3 UTR of all three messages indicating that either an antibody specific to the larger protein (A) or an antibody there must be additional splicing events in the 3 UTR. These that recognizes both the large and small isoforms (C). Molecular weight markers are indicated. (A) The larger isoform-specific antisplicing events in the 3 UTR may reflect a requirement for body identifies two bands around the 220-kDa marker as well as tight regulation at the translational level (reviewed in Jacktwo lower bands around 100 kDa. An antibody that recognizes both son and Standart, 1990; Richter, 1993; Curtis et al., 1995) . the large and small isoforms of Endo16 also detects these two bands Endo16 mRNA disappears from the foregut of the developing around 220 kDa in addition to a lower band at 180 kDa correspondarchenteron at the prism stage, and later disappears in the ing to smaller isoform (C). This antiserum also recognizes a larger hindgut. Based on message-specific whole mount in situ hyband ú300 kDa and a lower band that is nonspecific. (B) Extracts bridizations we have shown that only the smaller form of probed with preimmune serum from the goat used to generate the the message is found at the tip of the archenteron during larger isoform-specific antibody does not detect these high-molecugastrulation and then expression is lost once this has differlar-weight bands.
entiated into the foregut. Perhaps sequence in the 3 UTR of this message is responsible for its rapid degradation and removal from the foregut in later development.
We have previously reported by Northern blot analysis teins are expressed with a similar pattern to that of the that Endo16 is first expressed at the blastula stage (NocentemRNAs. McGrath et al., 1989) . However, by using the more sensitive The additional sequence encoded by the longer message assay of RNase protection the shorter form of the message maintains the modular structure of the Endo16 protein. The is detected in the egg and cleavage stages. We were interadditional type A and type B putative calcium-binding reested to determine if these early Endo16 transcripts were peats suggest that the larger isoform may bind additional localized in the egg or to the veg2 tier which will give rise calcium in these regions to regulate the function of the to the vegetal plate, but so far we have been unable to detect larger protein. In addition, the presence of a cysteine-rich any signal at these early time points. The longer message domain at the end of the larger isoform introduces the possiis not detected until 18 hr of development. However, we bility that specific ligands may be bound to the larger proobserve increased levels of the shorter message as early as tein. We propose that, like serum albumin, different spacing 10 hr. Therefore, when zygotic transcription of Endo16 bebetween the amino terminal single cysteines and double gins, the primary transcript is spliced to produce only the cysteine pairs in Endo16 results in various sized loops shorter form of the message. Then at about 18 hr, there is which can bind different ligands (Kragh-Hansen, 1990 ). a dramatic switch in the splicing pattern so that all three Within the cysteine domain of the larger protein there is a mRNAs start to accumulate. The different temporal and stretch of eight threonine residues. Interestingly, a similar spatial expression patterns of the messages strongly sugthreonine repeat has also been identified in the sea urchin gests the possibility of functional diversity of the proteins. hatching enzyme where there are clusters of threonine resiDuring the elongation of the archenteron the longer Endo16 dues (Ghiglione et al., 1994) . In other proteins multiple tanmRNA is most abundant at the base. The specific expresdem threonines are proposed to be potential sites for Olinked glycosylation (Dahr et al., 1985) .
sion of the longer form of Endo16 in these cells suggests
FIG. 6.
Whole mount in situ hybridization of the alternative forms of the Endo16 mRNAs. Embryos were hybridized with a probe specific to the smaller (6.6-kb) form of the message (A-D) or with a probe specific to the longer (8.5-kb) forms of the message (E -H). At the blastula stage expression of both mRNA forms is found in the vegetal plate (A, E). At the early gastrula stage both forms of the message are found throughout the archenteron (B, F). At the mid-gastrula stage the shorter mRNA is found throughout the archenteron with intense staining in the foregut (C). The longer mRNAs are absent from the foregut and are localized to the bottom of the archenteron with intense staining at the base (G). At the late-gastrula stage expression of the shorter mRNA is found in the foregut and midgut but is absent from the hindgut except for a single cell layer in the base (D). In contrast, the longer mRNA is found in the midgut and hindgut and is absent from the foregut (H).
Northern blot analysis. We also thank members of the biology that the larger isoform may play a role in the movement of kb mRNA in a ring of cells in the outermost region surrounding the blastopore suggests that this represents expression specifically in the veg1 derivatives (see Yuh and
